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\bstract  yclic  cr  h - • lal  have  been  inv<  ti  , t 

as  cat.il  . i c host  molecules  for  the  <.  ter  cleavage  reaction  of  guest 
glycine  ja-nitrr.ph  nyl  ester  ammonium  ion  (3-NH,+)  in  an  aqueous  medium 

✓VWN* 

Ilie  result  for  3,5-dimethy lylbenzoate- 1 8-crown-5  (lc)  shows  p-nitrophenol 

release  similar  to  that  of  added  simple  substituted  benzoates,  whereas 

2 , 6-dimethy ly lbcnzoat c- 1 8-crown-5  (2c)  shows  a significant  acceptation 

of  the  reaction  rate.  To  aid  in  interpretation  of  these  obsc i vati ons , 

rates  of  complexation  and  molar  equilibrium  constants  (K)  for  closely  related 

amino  acid  structures  were  obtained  with  18-crown -6  and  18  crown  5 using  an 

ultrasonic  absorption  technique.  The  forward  and  reverse  rate  constants 

were  uniformly  in  the  vicinity  of  107M  ]s  1 and  107s  1 , respectively; 

the  K values  were  small.  A consideration  of  the  kinetic  profile  for  3 NIP  + 2c 

-‘•VS* 

is  suggestive  of  Michaelis  Mcnten  type  catalysis  dependent  on  initial  com- 
plexation between  guest  and  host.  A strong  competitive  inhibition  effect  In 
Na  is  convincing  evidence  of  this.  Structural  considerations  indicate  that 
complexation  of  3 -NH3  and  2c  fixes  the  ester  group  and  the  carboxylate 
moiety  in  close  proximity  and  nice!)  aligned  for  nucleophi  1 ic  acyl  denari 
In  contrast,  the  3 NH3  + li  system  has  tlie  ester  and  carboxylate  groups  toi 
far  part  for  intracomplex  acyl  leaction  The  difference  between  the  crown 
if  f i.(  a 2c  .md  lc  is  a stiikinc  manifestation  of  the  import  ince  of  t r . < 

precise  binding  and  catalytic  site  1 dationship  necessary  for  catalytic  td 
1 ty  by  the  host  molecule. 


Du  remarkable  ability  of  cnrymes  to  catalyze  organic  reactions  has  fascinated 

sts  i • 1 i li,  *nre.  Currently  there  is  considerable  interest  in  the  mechanistic 

] - 4 

esses.  Investi  on  stly  with  cyclodextrin  model  systei  s, 
i 1 • r i y | i ..  r he  ii  port. met  of  the  interrelations  between  com]  1 ex.it  i on , breaking 

5 '•  t.g  oi  i d\  alent  bonds,  and  deconiplexation . This  work  suggests  that  selective 

> ' . ' t i • : . it ! i.d  that  spat  i a 1 orientation  of  the  catalyzing  sites  is  highly 

'■  ’ ■ V ! f j C 

('••cause  r ( t ir  interests  in  the  kinetics  of  comp  lex. at  ion  and  1 i t hi  st  i >■  ? iral 
; ors  Mis  1 : i ;'l:n  net  chemical  n act  ivit  •.*,  <.  have  cl  oly  fcl  lowed  dc  velop  mt  s in 

the  .moral  ...  A a cm:  :.eq  -ii-  r ef  tie'  s v<;  h.u.  become  inter*  ted  in  othei  ] >ss ible 
! ■ test  • *e  t h«  rein  the  -.ratial  position  of  host  cat  a 1 y : ■ ng  sites  i ; ht  be 

vat  'd  ■ r?  ' • i y st  • •;  i ■ wav.  ' i port  ant  requisite  in  this  regard  is  a synthe 

' • illy  lilable  -.-rocyi  lie  system  with  appropriate  positions  which  can  he  c.isi  1 v 
edified  ; o in.  . po  *re  cat;;  lytic  sites.  The  crown  ether  type  compounds  immediaic-iy 
tine  to  mind  ; t racti  odel  syst  ms  . > i ivestigation  since  they  had  not  been 
st  -died  pi  'vionsl  .'  E\  n.iinntion  of  molecular  models  CFisher-Taylor-Hirschfelder)  of 
a ntn'ber  of  cvc  i i olvethers  pinpoii.  ed  in  18 -crown  structure  which  contained  a 1,3- 
11  unit  in  i ng  is  1 ;ng  f sue.  1 it  crest.  In  this  system  the  favored  con- 

■ *'•••.-  1 ri  ■.  id  hi  itic  g 1 t lie  crown  ring  having  substantial  iilu  Iral 

angles . rh-.-  Joi  a 1 ret  al  t at  . <■!  t.  >f  catalyzing  groups  at  the  di  1 ferent 

i 1 1 luces  significant  di ff  cs  in  tial 

• r : eta  I.  i.  l j c , : • . it  i on  iv  i ty . IVe  chose  ir.acrocycles  1 and  2 !\.r  the 

r~<  •»< 

p r - 1 nar  v t ■ • t 1 m of  them  cons  i dcrat  ions.  Hydrolysis  of  amino  acid  ester  alt  was 

"a.  t i on  for  study.  I be  j’  i i t r.pheny  1 ester  i.f  g iyc  ii.e  (i)  in  tl.»  form 
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c • ■ the  result,  of  the  invest  i g..t  ion . 
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a,  X 
h,X 
c.  X 


y \j 


0 0 

k/'O 


2 

C02CH3 

co2h 

C02 


R-  '-ii  1 1 s .nd  1 i scuss  inn 

Synthesis.  The  mncrocycl i c polyethers  la  and  lb  were  prepared  via  a procedure 

<*■>  y-W 

6 7 

based  on  ihe  general  methods  used  to  synthesize  related  crown-like  compounds.  ’ The 
sequence  of  reaction  steps  using  methyl  3,5-dimethylbenzoate  and  N-bromosuccin imide  (TBS 
ns  the  starting  materials  is  presented  in  eq  1.  The  details  of  reaction  and  workup  pre 
ccdures  are  given  in  the  experimental  section.  Structures  assigned  to  la  and  JjJi  derive 
directly  from  the  synthetic  method  and  the  expected  simple  proton  NMR  spectrum  with  the 
cored  numbers  and  kinds  of  signals.  The  carboxylic  acid  derivative  also  showed  satis-  i 
factory  elemental  analyses. 


9°2CH3 

/ \ iIBS/a  + hv 

1 01  "cci^ 


IO5CH3 

JL 


> 

BrCH 


Tetraethylene  glycol 


-> 


NaH/THF ;N2 

2 


(1) 


la 


KOH. 

t tOH  K-  0 


lb 
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P ■> i \ < - 1 h : ■ ?a  and  2b  wor  svnthec  i . d fn«ir.  methyl  2 ,(•  d i methy  1 ben toate  bv  an 
analogous  pr<  ire.  rhe  NMR  spectra  for  both  ri  t wil 

pectations.  The  carboxylic  acid  showed  sat  i ••  i or/  elemental  analyses  and  i: 
melting  point  which  agreed  with  tin  n<  ;i  mr  .1  ’ f,u  2b, 

'V* 

Hv.)  rolys  is  Kihet i cs  Studies  of  ! f. » n of  3-.VH  * were  c rri  : o ■ 

standard  reaction  modi urn  made  up  of  0.  '»** 

buffer  ,ith  adjustment  to  a pH  of  5.;  )•  : i • i-i:  a the  . . ■ : >■ 

cent  rated  Hi  i . In  this  solution,  the  ir.e  t -t  •,  3 exists  Jar  els  , . n 

Kinetic  it;  asm  clients  of  the  hydro lc 


velopnio.it  of  j nitropbiiiol  spectro  hut  1 t • < ..lie  nt  son  c.m.  "V-.  ! 

A 

at  25  0°C  of  a solut  ion  of  the  stnM'iv;  ; ' m . ' tw  ; 

/V 

of  any  other  id  led  solutes  was  found  to  follow  • on  !o  first  o rder  V et  > 
tion  about  i he  nor  lal  nucleophilic  effect  of  caii  -.:>yl  Te  fits  in  t r 
tained  by  measuring  hydro  I -sis  r t es  of  - •Tut  or  ri  up 

benzoic  acid  (4) , 2.6  -d  i methyl  bon  •••ic  > id  ; 1 . '•  1 •nt’  .-lb 

**  f*-*  A* 

the  pH  of  the  standard  conditions  there  > is  t ■ ,]c  s 

larly,  the  effects  of  the  modi  f i •->>  . rom  c : : s o;  he  f ’ 1 

termintd  by  measuring  the  rate  of  > sp  ■ of  ivagt  ;n 


(pK  in  aqueous  solution  5.9 


boxy  late  alts  lc  nd  ?c,  respect i vcly. 


i ..inart  son  of  the  1 


ihsd 


llC  rl  < 

i< 11’ 

or  2b , 

Und  r tin.  - t 

,6 

i vcly) 

or.  ,ir  pri-t  ■ r i 1 y - 1 

A i i i n , 

psnedf 

tnnts 

(kobsd 

) are 

*u  atari  • :d  in  Tab i I 

• t 1 r«*t'u  • 

I itoes  not  ’ v 

the  h 

yd  rolys 

i l «i  t 

cs  of  3 NH- 

i 1 

nt  d i 

i gem  e 

l)f  i ■ f f i 

d ? !•!  i n i 

sh  the 

rates 

as  the  amount  > • ■ d 

> r . • t H\\ 

t s 'ltd 

dial  lv 

ch  r ase  to  ca.  0.6 

inal  values  at  0.05  M c ncentr  tion  n itr-'-t,  crown  r. 
direction  and  i ■>  leases  the  rate  <•.  st  nt  ly  t factor  of  2.6  n\  r 


-5- 


Table  1.  Some  Rate  Comparisons  for  Hydrolysis  of 
Ammonium  Ion  (3-NH3  ) in  the  Absence  and  Presence 


nivcine  p-Ni t ropheny 1 I ■ r or 
of  Additives  lb  and  2b  at 

AT  A/ 


Run  no. 

Add i t ives 

[ Add  i t i ves] 

10**  k u 

On 

M 

(s  1 ') 

1 

None 

0 

3.2 

/ 1 

NaCl 

4 

V 

-V 

4 

I . 0 

0.01 1 

6 

4 

<s/ 

0 . 0S2 

7 

5 

0.032 

2 . 3 

8 

5;  NaCl 

•■v 

0.023;  1.0 

9 

6 

'V 

0.050 

1 .9 

10 

lb 

w 

0.  005 

3 1 

11 

lb 

0.012 

3.  1 

12 

lb 

0.026 

2.9 

i 3 

lb 

0.057 

2.9 

14 

2b 

W 

0.010 

4.6 

IS 

2b 

0.018 

5.6 

16 

2b 

0.023 

6.5 

17 

2b 

0.038 

7 . 5 

18 

2b 

AA/ 

0.046 

8 . 3 

IS 

2b;  NaCl 

0.019;  1.0 

9.4 

3 The 

standard 

hydrolysis  medium 

consisted  of  0.5%  (v/v) 

a c e 1 0 n i 1 1 

water  and  0.3  M 2 picoline  buffer  with  the  pH  adj 
cone.  MCI  . Niie  amount  of  3 added  ■ o respi  1 1 1 to  a 
measurements.  F.ach  measurement  consisted  of  15  20  , ' 

of  ca . 5-90%  reaction.  The  values  at  least 

data;  the  correlation  coefficients  were  all  ca.  0.99. 
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tion  range.  From  these  considerations,  it  appeared  likely  that  some  lind  of  < 1 1 .-t 
activity  was  involved  with  2c.  To  provide  fmti.ei  ii  : ar  -at  ion  about  t r,  •' 


inhibition  of  the  reaction  of  3 Ml.  in  th  p. 


Lind  added  N 1 


For  comparison  purposes,  the  effei  ts  of  . t : l .1  . s >t  I.-  ! M 

+ 

3-NH„  + 5 were  •’  o determined.  iTt 

Table  1 as  runs  19,  2 an.'.  8.  The 

effects  is  given  below  in  the  discus  -i  t ',! 

Complexatlon  Kinetics:  Full  interj:  : »t  > t 

requires  inf  tout  the  rate 

literature  survey  revealed  that  little-  ! ail  i 
data  is  availal  le  and  that  what  is  known  deal  1 

For  the  present  study  it  wa:  led  d i cot  lexation  kin 

+ 1 1 

organic  substituted  -Nil,  group. 

Recent  investigat  ; ms  in  these  1 aborat  tries  h i e 
technique  to  be  the  method  of  choice  for  comp]  e \at  i on  k inetic  .r-  as  . • t • 
ether  systems.®  However,  in  this  regard,  several  practical  factors  p ci  d 
examination  of  the  above  3-NH.  hydrolysis  systems  These  include  (11  i u 
substrate  concentrations  (both  polyethers  and  3-NH-  ),  (2)  experimental  1 
sufficient  for  concurrent  hydrolysis  of  the  ester  moiety,  and  (3)  a sol 
with  unknown  background  ultras tnic  tert  - these  rea 

sonic  properties  are  well  established, 

chosen  for  study.  he  18-cr<  -h  ,nnd  1 lj  . ii  . : elinrs  were  si 

complexing  crowns  because  they  are  : dily  available  iid  b>  . a se  tb-  \ 

of  the  18-  member ■ d ring  and  a n u i ; It-  ii 

The  ultrasonic  kinetic  exper: u 's 

12 

nique  recently  developed  he  re 

a-alanine,  B-alanine,  -<  aminobutyri  . id,  id  tin 
polyether.  Observations  were  also  ■!  lev  ted  i • i 1 . ii  • ■ 
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Total  ultrasonic  absorption  data,1"'  expressed  as  a/f ^ in  Np  cm  ^s",  u-rc-  ob- 
tained and  analyzed  in  terms  of  relaxational  and  nonrel axat ional  contributions.  1 
one  relaxation  process  was  detected  for  all  cases  investigated  in  the  frequency 
examined  (15-205  MHz).  The  best  fit  of  the  data  was  achieved  by  usinp  the  one  > 


tion  expression  given  in  eq 


Here  n is  the  iltrasonic  al 


t i >n  oef  f i . 


x/ f = A [ 1 


is  the  experimental  frequency,  f 


I + B 


•laxation  frequency,  and  A and  fi 


laxation  amplitude  and  the  background  absorpt  i . ..  r.  pcc  t i \ e I > . 1 j-«-  : hi 

be  calculated  A,  B,  and  f were  varied  in  the  fitting  process  and  the  best  i 

minimized  the  root  mean  square  deviation  lota  n the  ox.  c . i , t ..1  al  m 1 il 

were  used.  The  results  are  summarized  in  Table  II. 

As  shown  in  Table  II,  solutions  at  the  higher  concentrations  of  amino  avid 

crown  ether  gave  B values  which  exceeded  the  a/t^  of  22  x 10  ^ ' Np  cm  ^s"  rep  tod'1 

for  water  at  25°C.  In  the  case  of  the  most  concentrated  solution  of  threonine 

- 17  - i 2 

ether  examined  B reached  42.2  x 10  Np  cm  s . Additional  measurements  showed  these 
background  absorptions  to  be  consistent  with  those  found  for  aqueous  solutions  contain- 
ing the  same  concentrations  of  amino  acids  but  no  crown  ether.  Such  high  baci ground 
absorptions  can  be  attributed  to  several  effects  which  include  increased  viscosity, 
changes  in  water  structure,  and/or  the  presence  of  additional  unrelaxed  pro  oc . ‘ 

In  regard  to  the  last  of  the  possible  causes,  detailed  analysis  of  the  data 
a process  other  than  compl exat ion  caused  relaxation  was  observed  only  with  tl  ? 

threonine  solutions.  For  this  case  the  relaxation  frequency  was  csti  ited  to 

1 7 

ca.  250  MHz.  Comparison  of  the  amplitudes  with  the  corresponding  tlire  nin 
tions  showed  that  a direct  proportionality  exists  This  kind  of  on  rel.it  i- 
tive  of  a relaxation  due  to  a monomol  ocular  process.^'*  It  is  reasi  i ibl  c tc 

such  behavior  for  threonine  to  intramolecular  proton  transfer'11  or  to  sum.  c<  dVr  •- 

21 

tional  equilibrium.  This  extra  relaxation  process  is  not  expected  to  in?e,  f < - th 
the  threonine-crown  ether  complexation  since  the  two  processes  arc  scpirai  .1  in 
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lable  II.  Relaxation  Parameters  from  Compute ' Analysis  for  A noons  'ino 


Acid -Crown  Ft  her  Co  pi  i x -t ion 

at  2‘ 

i°ca'b 

,c 

[Crown ]0 

[Am 

ino  ac 

id]0 

1017A,Np 

: 

'B  Np 

0]  , 

Amino  Acid 

M 

M 

v_ 

MHz 

cm  1 s 2 

cm 

‘s* 

ms.  J 

18 

-Crown 

-6 

Glycine 

0.04, 1 
0.0601 

O.o/Sl 

0 

.461 

4 

48.1 

. 1 

( ) m i .i  3 9 

L'  it’.' 
0.112 

0.118 

i 

6-Ala nine 

0 . 1 05 

0 

. 697 

19 

0 

101. 0 

0 

0.126 

1 

. 06 

23 

6 7 . 1 

0.147 

1 

.43 

6 

3 

55.1 

26 , 

, 0 

y-Ami nobutyric 

0.  156 

0 

.470 

17 

6 

186.7 

23 

. 8 

Ac  i d 

0.  116 

0 

. 626 

18 

9 

146.7 

24. 

•7 
• c. 

1 

.9 

0.  131 

1 

.05 

21 

9 

92.8 

28 

.0 

1 

.0 

Threonine 

0.0617 

0 

. 65  4 

13 

5 

57.0 

29. 

. 0 

1 

.5 

0.0792 

0. 

. 842 

15 

0 

77.0 

32. 

8 

1 

. 7 

0.  132 

1 

. 40 

18 

0 

*6.6 

42. 

s 

15 

-Crown  - 

• 5 

Glycine 

0.112 

I . 

39 

12. 

1 

62.0 

1 

0.112 

2. 

. 10 

18. 

0 

34 . 7 

2° 

7 

0.112 

2. 

.40 

21  . 

6 

26.6 

50. 

S 

All  symbol 

s are  defi 

ned  i 

in  t lie 

text . 

bfh 

e c a 

leulated  pa' 

were  varied  in  the  fitting  pncess  ami  1 1.  he  t aim  hie' 
mean  square  deviation  between  the  experi  ntal 
reference  13.  rfRoot  mean  square  >1  motion. 


calculated 
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qucncy  by  over  200  MHz. 

Prior  studies  with  aqueous  solutions  of  1 8 -r n-.wn-b10  and  15-crown- S'  1 sir  -d  ’ 
these  polyethers  exhibited  relatively  low  amplitude  concentration  independent  r 
t i ons  at  1 01  nd  , respect ive ly . In  ea  u it 

a conformational  rearrangement  of  the  :mc recycle.  The  equi  libri 
not  to  affect  the  interpretation  of  the  v <•:  g U ,\at  i . n V inetic  data  - net 
conformation  of  both  crown  ethers  is  i a voted  in  tie  aim  rt  ].•,  , , t 

fore,  the  corap.  exation  precess  can  b,  .esc  riled  ru.  vhau  i st  i . ill , t 
C-A  refer  to  the  crown  ether,  amino  acid  and  .amino  acid-tt 
tivelv.  For  this  formulation  the  n-cij  t.  al  rt  uxat  i o/:  ' .. 
is  the  observed  relaxation  time,  f is  the  experiment.]  rel,  t 

C + A C-A  ( V: 

h 

r 

t 1 = 2nfR  = kf([C]  + [A])  + kr  ( 

equilibrium  concentration  of  crown  ether,  and  [a]  is  the  equilibrium  cent 
amino  acid. 

Since  information  pertaining  to  the  molar  equilibrium  ennstaet  • h,.  1 
for  determination  of  the  rate  constants  k.  and  h„,  speed  j ot.  tr- 
h values  of  the  amino  acid  crown  ether  systems  were;  atte 
a<  1 ' ■ ’ : 1 . r and  l 

chromopl.ore  only  ,m  upper  limit  estimate  of  K ^ JO  M 1 eonld  be 

In  the  absence  of  experimental  K values  an  iteration  t.,-  lc  5 ,F 

determine  k^.  ..nd  h^  fj  m the  relaxat  ion  observations,  ibis  j i ce»  j: 
tung  eq  -1  with  experimental  relaxation  data  and  the  initial  c.  , . 
and  crown  ether  in  lieu  of  the  unknown  quantities  [a]  and  [f], 
intercept  allowed  for  calculation  of  a first  approximation  equi li hr  im  , tan: 

value  was  used  to  comi  e m i ino  a<  id  and  i her  com 

then  put  through  a fitting  treatment  to  give  a second  estimated  enai  1 


All  of  the  d >ta  became  self  . m-i-.t  it  after  the  fifth  cycle.  The  final  kf , ky,  '',<1 
kinet ical 1 • i • • e 1 1 1 1 ' in  be  ‘ 

rulated  qi. i 1 i hr i tin  ■ • . t a 1, t an  o n a at  i ‘ le  w i t } t !,  es t i.ate  made  >'•  1 1 

cal ly . 


, i fni  t-';  tv  in 


h ulated  <-t  i 1 il , i ■ 

,i  thay  e ; | - 1 1 i 1 * i > i t 


il  sti  k tnr  il  set . * ' It  i 

nterc 

11  of  the 

d h re 

. • . ti  n rat 

• 1 !.  t S 

v.hich 

ri  i t ud'  . 

i he 

■ small 

variations  in  rate  can  he 

account 

•1  for 

y ii  • .n  nch  t'.etiTS  as  t.  i i«.  inter.i  tion,  sole  it  ion,  atul  l.1.' 

i,  ■ fl  c.iva  keaet  i m of  A MH  4 : Quantitative  asstb^ant  ot 

•i  ' • arbi  1 at  moiet  of  lc  and  2c  require; 

(jf  the  mti  in  lysis  rate  constant  (k . ) which  is  to  he  expected  t i 

. 24  . 

; n u : l i(  icid.  • • 1 at < : catalyze  ester  hydro! 

...  • t a t « irmal  ft  NH,  rate  to  added  a 1 

[n  thi  ird,  1 id  (4  model  < va luatini 

AA 

effect.  As  1 1 read)  noted,  small  c cast'  in  the  i ate  *onstant  occ  on  cd  »i  t :• 
addition  of  4 . " 'he  data  lotted  as  k . , vs.  [4]  shows  a good  straij.l  t i ii 

v,  Ol  SQ  v> 

when  lifted  hy  a I « ist  squari  3 tv  at;  ent.  ..ay  be  expressed  <tbc at  i 1 1 y a- 

it  is  .»••  umed  that  the  sa.iio  1 in*  a r dep  no  nee  will  hold  for  other  ai>  1 
additivi  - tl.-n  V , and  k.  arc  ; he  s.  s and  c-q  6 is  a geneva  li  red  s . ■ i 
[Add]  is  the  additive  concentration.  The  validity  of  this  assumption  »'**  1 

,,  3 -1, , 1,  , , - . ~ 1n  4 1 

k , , - ( 2 . 3 x 1 0 s M ) 1 4 ) + 3.2  x l'l  s 


k.  ■ ( 2 . 3 x 10  \ *M  1 ')  | Add  ] ♦ 3.2  x 1 0“  S 1 

1 lit 


paring  c ilnil  Kui  K . . nmi  cxjht  i men  t ..  1 i ilues  for  added  dimethvl  bcnr.oi  c aci  !•*. 

lilt  J ol^d 


5 ind  b in  .S  NH  )i\  • i »l\  bis.  1 i > t h i 

V *> 

/WW/ 

w:  rhin  ;>eri  woi-tal  uncertainty.  These  i - •.  i 


— were  equal  t 

ite  that  it  is  reasonable  to  use 


l k for  lb. and 

/w 


1 v i i i\k  \ nave  a 


'he  It  .< i 1 1 facts  are  1 1 1 . t ra  t c 


>d  nit 


) VS.  [Add], 


NH.  it-ictnn  v.  i th  0 OS  M ad 


ryl  rinas  with  similar  substi 


ally  in  Figure  1 by  plotting 


.u,d  to  bo  onl  v slightly  larger 


i ont ; .(•  t 


i . i n :.  i ' ■ ' ••  ! •.'sA...''b  • c< urs  with  rate 


it  cant  1 y In, 


;ii  r It  is  evident  fro  the  plots  of 

n. t 1 


n 1 tl.it  . ! i-  t i.e  . . I of  t special  kind  of  effect. 

Vtl 

.tine  in  the  i act  . , i n lie  of  3 NH,  + 2b  shown  in  Fij  re  1 

3 r*  -ij- 

26 

• -'i  ■ ' .*  f . i hue!  i s 'lenten  type  1 1 a 1 -sis"  which  depends  on  initial  eo  nb.  x 

i 2c  a the  substrate.  Several  ther  pieces  of  information 
port  i v of  this  > ple'xation  between  crown  ethers  and  monosubst i tuted  .n  ionium  ions 
11  tabl  ed.  * ’ ^ * ’ * rht  very  • • 1 attainment  of  equi 1 ibrium  and  the 

til  c 1 hrium  c.  istant  values  found  for  tr  hi  ether  ammonium  ion  complexes  in 

.i  vide  slip,  a)  are  justification  for  employing  the  steady  state  approx i - 
■on.  i is  clear  from  the  kinetic  data  in  Table  111  that  the  initial  complex. iti  n 
«t  K - n ' uid  - H + will  exceed  the  initial  3-  NH  + hydrolysis  rate  by  r in>  p 

of  ten  id  If  . a 1 1 gw  2c  to  play  the  role  of  a catalyst. 

*v> 

t i a about  ; lie  nature  of  tin  special  effect  derives  from  the  re  - 
f 1 n d 1 is  added  to  tlie  3 NH  + 2c  reaction.  The  pertinent  experiments 

J VV  * 1 

A/VA* 

■ l i.,  fable  I.  In  the  absence  of  NaTl,  1 00 ( k , , - V )/k°  , 

obsd  int  obsd 


it  of  9d°  with  0.(119  M added  2h. 


When  1 M NaCl  is  included  in  a 


: XU! I it  ati  ns,  J ( 1 f ( k - k )/k°.  ' shows  that  the 

obsd  int  obsd 

30 

t i a I by  i a . St  fli.  lowering  of  the  rate  is  attributable 

0 t.  if:  ion  \ j Na  i c *n  11  i phenomenon  is  very  st rong  evidence  that 


n int.  mediate  complex  is  on  the  reaction  pathway. 


Figure  1.  Plot  of  (k  ( Sr.r  against  l 

linked  on  cq  6 and  the  data  from  lable  1.  Vhlitiv 
benzol  c acid;©.  2,6-diinothy  lbonzoic  arid  fj,  V 
benzoic  acid;Q,  cioirn  ether  2b;  O, crown  ether 
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. t 


! 

* 

i' 


A minimal  . . .>c  t inn  scheme  v.h i • h - 1 it  th  <•  fa  ts  i t M ..n  in  • :n 


form  by  eq  7.  • >r  the  j resent  v .ist  C 


zc . I is 


t N’H - , CEs  stands  for  th 


crown  ttb  r . 


i um  i on  v Ohio  lex,  C • ’■  a 


Na 


, _ Cl 


L.  [\d 


1’  IS  the  nl'Sfl'H  '(  J.  I U>l  IK  l J h i I 1 l j llCIIO  1 


3 5 34 

infra).  AM  avt . Burk  plot  of  k 

1 o ■ ) J lilt 


f rom 


•I 


tic  data  in 

of  1/k,  (Figure  /.  i ult.ition  of  th  s i ns  k 
K v a 1 1 1 e i - . , ■ ■ : i ■ - s . . t . i . i i . i t i ; i ,i  «.  t 

ium  tons  and  l.s  crr-n-6  (Tanle  111)  . nd  vith  r j it' 

O 

It  is  appropriate  to  Mw  a cont r t b t ion 
a factor  of  10. 

The  kinetic  study  docs  not  provide  informati  . 
the  nature  ot  the  c1«m . age  reaction  oc<  ui t in;  in  : 1 • 


i • 


molecular  ruMrls  i ■.  he  used  to  develop  a , lao.siblo  ,•••!  ; 


volved.  Man  1 1 i:  1 .it  i ' n ol  Models  of  3 Ml  unci  7.  to  f 

.3  ~~ 

three  hydrogecs  attached  to  nitrogen  can  i ..dooen  . ,i  1 1 
ity  and  result  in  fixing  the  ester  group  in  close  pi  >»  ir.u  ty 
This  is  illustrated  schematically  hv  stiucture  . In  tin  i 


and  ester  groups  are  nicely  aligned  for  the  occurrence  of  n 
.Such  reaction  can  he  expected  to  proceed  through  a totiM.i  it  il 
structure  8 and  on  top  ni  t rophcnol . llnfoj  t uiatrly,  lint  at  i 


system  made  it  impractical  to  seek  evidence  i r the  Mu  ti 


• v ■»:  . 





-■*•1 * *•»  « x— * 


..  •'  * 


metit  a 1 
. nnc i • on . 


it  is  likely  that  the  anhydride  intermediate  with  the  strongly  < 1 ctron  withdrawing 
-CH _NH _ group  will  hydrolyze  rapidly  ^ to  2c  and  glycine. 


0 


0 


■O  X 


:bH4N02 

H 


/ 


o-c6h4no2 


r\ 


8 


The  question  of  the  nature  of  the  traction  of  7-\'H_  n the  pro-  .nee  ‘ ; 

also  of  considerable  interest.  Examination  of  the  3-NH-  + 1c  plot  1- 

3 ^ 

treatment  of  the  kinetic  data  (Table  I)  on  the  basis  of  the  scheme  in  cq 

O 

k,  is  only  slightly  larger  than  k • It  is  evident  that  there  is  1 t'l  r 
* ' obsd 

special  cleavage  reaction  ascribable  to  the  presence  of  Ic  Ins!  c n 

-to* 

models  provides  an  explanation  for  this.  A complex  .nalosms  r->  the  . e 
above  (7)  has  the  carboxylate  and  ester  groups  too  far  apart  fc  c 
plex  nucleophilic  acyl  substitution.  i the  5-NH  + lc 

able  information  is  indicative  of  ester  cleavage  whi  h t . 
mal  pathway  for  hydrolysis  with  added  aryl  carboxylate. 

The  markedly  different  behavior  of  the  macrocyclic  iso-  « 
acid  ester  cleavage  reaction  is  a striking  Manifestation  of  ti 
vise  binding  and  atalytic  site  relationship  necessary  fur  i -lyt 
plexing  host  molecule.  This  finding  is  especially  peim.ne  to 
complexation  plays  a central  role.  A case  in  point  is  thi  cm  rc-m 


to  study  complicated  biological  processes  such  as  enzyme  catalysis  and  inh  i » o- 
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present  work  ami  that  of  Cram  and  Choa"  suggest  that  appropriate  ti  acrocvcl  1 c p<> ■ 'h--r 

can  serve  ireful  roles  as  surrogates  foj  naturally  icciiiring  host  o • rinds  .11  'la 

of  biochemical  n actions.  Regarding  this,  th  polyethers  are  t tallv 

therefore  capable  of  be  ing  designed  to  strut  ini  spe-  i 1 ic  1 act  1 it  t ■ t r 

other  aspect,  crown  ether  catalysts  are  of  obv  imt  in.11.  st  in  chi  .! 

such  as  the  d •■gred.it ion  of  carboxylic  acid  derivatives.  It  i i, 

inquiry  in  this  :.ew  area  of  host -guest  complexat ion  is  ;n  o 1 1 

F.  xpe  r i me , . t a 1 Sec  lion  . 

All  ’h  N‘!R  spe  1 tea  were  taken  on  .1  . 1 ian  1 21-  590  . . . 
are  5 (ppin)  from  internal  tetrameth  . 1 si  1 .me.  H«-lt  ini  point  •'  ' 

■’oover  a pai  itus  and  are  nncot  reeled. 

3,6,9,12,1a  rentao xabicyclo;  15.3. 1 'lu  neicosa  1(  1) ,17,J"-T , i ••nc-19  «-a.b  -wl 

39 

Acid  (Crown  1 tl  r lb) . The  methyl  < • r - r of  3 .3  dimethyl  I 

.-v** 

esterification  with  methanol  and  a tiace  of  sulfuric  acid.  \ elution  of 
of  the  ester  and  60  g (0.34  mol)  if  N hi  • . ucciui.  1 le  (MiM)  in  ml 
stirred  under  reflux  and  irradiated  with  a 2f <■  W flood  1 ir.p  or  3 h.  hen  • 

was  complete,  the  ..hire  precipitate  floating  <11  the  surface  as  f t 
solvent  was  removed  und  r vacuum.  Die  i . be-  os  crystalli  eci  1 
to  give  13  g (33%)  of  3,5  hr  hron.'  : ethyl  jl  c 1 1 . 1 -id,  , j - I 

68.00  (s, 2, Aril),  7.61  (.,l,ArH),  4 50  (s,4  I!  Hr),  5.91  fs,3  iH.i 

To  a stirred  slurry  of  26  7 y (1.1  n.ol)  of  s.  din..  h iliide  in  1 
‘ ' . Ided  d ropwi 

separate  •■olutioi  of  26.7  g (0  1 0 d ) < f the  above  dihr.  ni  le  in  1 1 of  i 


(0.09  no  1 ) cl 

fresh  1 y 

distilled  t et 

rac  thy  1 1 nc  g 1 

lycol  in  1 i of  IHF. 

refluxed  for 

2 1 h mill- 

r nitrogen,  l 

"lied,  f i 1 1 e 1 

red  from  t lie  salts,  a nc 

\ the  f 

at  e 

concent  ra ; ed 

under  vacuum.  The  concentrate  was 

t al. en  up  in  tun  . , w ! 

ilied  wi 

th  • 

. 1 T . 

. «t 

dried,  and  evaporated.  The  residue  was  chrorootographed  on  alumi  ta  and 

was  eluted  with  benzene.  This  material  was  reclu  omot ographed  on  ilii  1 1 with 

cther-CH^Cl . . Solvent  removal  gave  crystalline  la  which  was  rcciy.tall  • r 1i 


• #*  * % ' 

**  x 


hexanc-CH2Cl2,  mp  72-74°C:1H  NMR  (fDClj)  67.95  ( , l.ArH),  7.83  (s, 2, Aril),  4.65 
(s,4,ArCH.,0)  , 3.88  (s,3,CH?),  3.71  (s,  lft/J!  (H  ,)  Anal.  r;ilrd  for  C]SH^7: 

C,61 . 02 ;H , 7 . 34 . Found:  C,6]  19;H,  .08. 

Fster  l.i  vi.  hv  Irolyzed  with  in  ..  . u.i  > 1 • ! xture  v. 

Ar 

with  nqueou  - HT 1 ,oid  "he  solvent  w r«  n 1 ui.d  i ’*  1 

chroi  not  oj'  r iphc.l  on  silica  gel  with  • 'A  (vj  ethanol  >'HT1  ’ t. 

solid  crown  ether  Ih  which  was  rc-c r yst a 1 1 i d from  hexane  OH  ,01  . . rip  .SO  Mfti  H Vf 
(CPC1-)  57.99  (s, l.ArH),  7.8s  (s , 2 •••rill , 4.69  (s,  1 , A*-t.:iI ,(» J . 5.69  (s,  16  ,C1LCH_) 
falcd  For  l II  0_  : (' , 60 . 00  ;H  , 09.  F slid:  C , 59 . 9 1 H , 7 . H.  The  j I r I 
by  the  method  of  half  neut  ral  i zat  i • 1 , war.  f 1 nd  to  1 • i . 9 6.1 


B’  art.  i c A.  i ds 

The  bori . ui  n.  i d s 

IS  blit  Ives 

in  the  hvdro lysis 

stud]  of 

♦ 

i a 1 samp] es  • j ■ •■) i 

pccial  »t 

: i n»_-.  I rod  i st  ill o-il  v iter  mid  spe  froqicil  ity  at  < toni i ri  1 e (Math  >nn,  i 

i t.o  1 1 . i.al  Co . ) The  inaction  " is  i i.  i ; i at  i-d  by  adding  • nough  a - SH 

1 i ii.’  ■■•j  tli.il  ' tc  - d i r.<te  r .-•'Kent  vat  ion  was  S.5  x 10  :•  j 

1*^  weit  ? | tided  at  the  > a, rent  rat  l .ms  shown  in  r.-«h  1 e T.  Mi  rate  • 

• i.  • i ■ be) -<n  i - r.  ) acb  -ar.  • .i  t consisted  oi  1 B • 20  ah*  • 

i i ug  i In  • .« age  of  ca.  S--90^  r<  .•  t ion.  the  infinite  ab1  1 nice  \.i)  : - , 
t ied  after  at  ! . .st  seven  half  Ii  ts.  Tin1  i ite  constants  were  deti  run  i 
f 1 og l A A)  vs . time. 

Ultra  oni>  U option  Kinetic  '\  i m . i its.  •!  i , uc  ai  pt  i • 
f'r  the  vari.-r.  ami  no  acid  c mrn  ••  r !.»t  -,m  . , ! u 15  I • 

The  collection  of  lata  whs  fact  It  tat'  I 1 ini  ; 

fnn  in  nt  -il  fr  money,  X cut  quartz  crystal  which  • s friton  at  1 1.  i mi 

■ * 1 * • i i prepared  min • deionized,  tedistillod  - atcr.  Fho  IS  » rown  6 and 

1 ' -crown-  5 j ul.i  -i  from  Parish  Chemical  Co.  wi  iv  purified  as  b ciued  . ,i  i 1,1 
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Stock  solutions  of  polyether  prepared  by  weiyht  w(-re  used  to  prepare  .ill  su  p! 

tions  bv  volume.  The  pH  values  of  "he  aqiie  ms  a i no  icid-crown  ether  - lu'in  w, 

up  tc  5%  higher  than  those  at  ti  1 t ri 

for  a -alanine,  6. TO  for  g- alanine  .S3  fur  , aminobutyric  n<  id,  " < ' ft 

2S°C*  the  calculate.)  total  concern  ; it  ions  of  . . itterion  r-  ...  2 pract : • ill. 

the  total  amino  acid  concentration. 
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The  term  k . , is  the  rate  constant  for  hydrolysis  of  3-NH,  in  the 

obsd  11 

absence  of  added  aryl  carboxylic  acid. 

The  superscript  NaCl  at  the  bracket  refers  to  the  respective  rate 

constants  for  reaction  in  1 M NaCl.  Entry  No.  8 in  Table  I was  used 

in  the  estimation  of  k. 

int 

Numerous  examples  and  studies  of  complexation  of  Na  by  crown  ether 
have  been  reported.  For  the  first  reference  see  C.  J.  Pedersen, 

J.  Am.  Chem.  Soc.,  S9_,  7017  (1967). 

It  is  clear  from  other  work  that  the  reversible  association  to  form 
the  C-Na+  complex  may  be  expected  to  be  rapid  compared  to  the  rates 
of  chemical  reactions  being  considered  here.  G.  IV.  Liesegang,  M.  M. 
Farrow,  F.  A.  Vazquez,  N.  Purdie,  and  E.  M.  Eyring,  J.  Am.  Chem.  Soc., 
99,  3240  (1977). 

Possibilities  for  the  other  product (s)  (CP# ) include  a complex  with 
2c_  covalently  bonded  to  glycine,  a complex  of  2c_  and  glycine  with 
only  electrostatic  binding,  dissociated  2c  and  glycine,  and/or  various 
combinations  of  these. 

H.  Lineweaver  and  D.  Burk,  .7.  Am.  Chem.  Soc.,  56,  658  (1934). 

H.  Frensdorff,  J.  Am.  Chem.  Soc.,  93,  600  (1971). 

Similar  binding  has  been  proposed  for  complexation  of  the  -NH,  group 

6^8  ' 
with  other  macrocyclic  polyethers.  ’ 

Another  possible  complex  has  the  -CH7C^H^N09  group  on  the  side  of  the 
polyether  ring  opposite  the  ~CC>2  group.  This  amounts  to  nonproduct ive 
complexation  which  would  have  the  effect  of  increasing  the  value  of  k,. 

M.  L.  Bender,  Chem.  Pev.,  60,  53  (1960). 

Crown  ether  2b  has  been  named  2,6-dimethylylbenzoic  acid- 1 8-crown- 5 by 

I.  Goldberg,  Acta  Crystal  logr . Sect.  B,  32,  41  (1976).  Analogously,  lb 
will  be  3, 5-di methyly lhenzoi c ac i d- 1 8- crown-5 . 


